Ernest Codman (1869 Codman ( -1940 ) was a pioneering Boston surgeon of the 20th century who is best known as the father of outcomes management and the "End Result." Since his landmark publication, 1 quality improvement has continued to progress throughout medicine, including being a central focus in neurosurgical practice and training. This article reviews his contributions to quality improvement and emphasizes the need for neurosurgeons to continue to lead in this area.
It has been a century since Ernest Codman published his classic text, A Study In Hospital Efficiency: As Demonstrated By the First Five Years of a Private
Hospital, in which he outlined more than a 100 errors that had occurred in the care of 337 patients over a 5-yr period. 1 He is credited with starting the morbidity and mortality tracking process which involves tracking complications and outcomes. Since then, quality improvement measures have become a standard in hospitals and departments across the country. Payers are increasingly more concerned with hospital infections, readmissions, and obtaining an overall sense of value of the quality of healthcare being delivered. Additionally, we as physicians owe it to provide the best care to our patients. Neurosurgery has seen the establishment of registries and quality improvement studies aimed at analyzing the cost and value of various interventions since Codman's time.
BIOGRAPHY
Ernest Amory Codman (1869-1940) was a pioneering Boston surgeon who is credited with contributions in various areas of medicine ( Figure 1 ). He attended private school and graduated from Harvard Medical School in 1885. He visited various European medical centers where he became interested in the shoulder joint and later went on to make significant contributions in this field.
2-5 He practiced during a time when various new discoveries were being made. The discovery of the x-ray by Conrad Roentgen, antisepsis, and anesthesia were all in their infancy. Hospitals were becoming a large component of the developing healthcare system. Dr Codman was at Massachusetts General Hospital from 1902 to 1914. During this time, he practiced and served in a variety of capacities from lecturer to assistant visiting professor. He was a close friend and collaborator with Harvey Cushing, whom he met while in medical school. Although historically eclipsed by Cushing, it is Codman who may have had the greatest impact. Cushing himself even noted in his 1894 diary, "I wish I had his (E.A.C.) 14 hours a day energy and enthusiasm-I get woozy after about 3." 6 Codman is most remembered for the development of the "End Result" idea, which is simply following patients long term in order to better understand the effect of certain treatments. As a scientist who sought to improve the quality of healthcare, Codman noted that there was a lack of assessment of the interventions that doctors were doing. It is unclear whether there was some inciting event or circumstance that caused him to develop this idea; however, it may very well be a reflection of his personal ambition to continuously improve the quality of the things around him. He proposed that, "If some arrangement could be made by which the house officer should see these late results, it would be very instructive for them, for I feel sure that the house officer in graduating from this institution gets a very much more favorable idea of the results of surgical operations than he is really justified in having." 7 The notion of learning from the result of an intervention, be it positive or negative, in an effort to improve the quality of care, is a lasting principle that continues in healthcare today. Codman thought that increased transparency of these outcomes would allow doctors to make better decisions to treat patients. Healthcare practice during this time was patriarchal and any suggestion that error was possible was often met with resentment. Given the high rate of surgical mortality during operations, a "good" outcome may very well have been the survival of the patient regardless of patient morbidity. Codman sought to challenge this with his end result idea, and so called for physicians to better analyze the results of interventions to improve on the standard of the time. He became frustrated with the lack of adoption of this standard by the hospital, leading him to resign and start his own private hospital. At his hospital, all patients were followed and outcomes were reported, either good or bad. Codman was able to acquire some support from local donors who saw the value of his insight; however, his ideas would largely require time to reach broad adoption.
Perhaps equally as important in shaping today's medical care was the introduction that Codman made, again in collaboration with Cushing, of anesthetic record keeping. This desire to improve the quality stemmed from the deaths of 2 patients, one of his and one of Cushing's. Initially (1895), pulse and respiration were charted every few minutes; however, by 1901, blood pressure was added. Eventually space was added for notes and this was transformed into an electronic record which is the standard of care worldwide. Codman, more than Cushing, was also instrumental in the early introduction of x-rays through his work with Dr Walter Bradford Cannon, which has allowed continued progress in a variety of medical fields. His work in this area was such that he sustained debilitating burns and other health impairments that may have led to his subsequent death from melanoma in 1940.
CONTRIBUTION TO QUALITY IMPROVEMENT
In 1915 Codman presented a large cartoon at a meeting of the local Surgical Society which he chaired portraying greedy surgeons grasping for gold from wealthy patients (Figure 2) . The caricature made one contemplate whether the current healthcare system could continue to make money if the truth about patient outcomes were known publicly. The fee-for-service system, which encouraged overtreatment, was highlighted and the notion that there should be some assessment of the quality of our interventions made. He was ostracized for this public insult by his colleagues and ordered to step down as Chair of the Society. The idea of having hospital administrators and fellow surgeons acknowledge bad outcomes must have been challenging to embrace and present during this time. Codman had his status, reputation, and personal finances impacted as a result of his ideas, further showing the difficulties faced to those individuals who challenged the status quo of the day. However, a century later Codman's tenants and standards continue to be found in the dialogue of today's healthcare system. Of note, the ostrich cartoon currently hangs in the Harvard medical school library.
QUALITY IMPROVEMENT IN 21ST CENTURY NEUROSURGERY
Codman systematically followed all his patients to what he called the End Result. By tracking patients he was able to see their outcomes and look to make improvements in his practice. This started the foundation for a hospital standardization. The concept of quality improvement has diffused throughout all of clinical medicine since Codman's time. Although initially viewed as a radical idea, the notion of tracking patient data to improve outcomes has not only been seeded but grown. Its impact has even reached areas outside of traditional medical circles to include administrators, insurance companies, and lawmakers. The value of our healthcare interventions has undergone continued evaluation. This has become a major focus in neurosurgery. By tracking and evaluating data on our interventions, we are able to understand the value of our interventions. Codman's idea of the end result was the outcome of the patient as a result of a specific intervention. Patient satisfaction, though not an initial outcome, has evolved into a component of the 21st century end result. Arguably, some may view safety and efficacy as more important.
Today, the scrutiny of a single surgeon's complications is no longer satisfactory, and there is a need to evaluate the overall performance and outcome of the entire service with the added considerations of cost, efficiency, and value. Neurosurgical education has transformed in this area, as milestones now specify that residents utilize outcome data to facilitate changes in clinical practice, improve care systems, and better understand the financial impact of healthcare resources in the setting of improving patient care. 8 This allows them to be involved in gathering and analyzing data while working to increase the quality, safety, and value of neurosurgical interventions. Parker et al 9 identified 3 principal reasons for including quality improvement and patient safety initiatives into resident education:
1. Patient expectations of safe care 2. Quality improvement training is mandated by accreditation agencies 3. Improve future generations to work in a quality-driven consumer market
Currently, residents are exposed to quality data that is coupled to an analysis of its relevance. Direct involvement of residents in quality programs has become a best practice. The adoption of a neurosurgery registry at our institution has allowed residents to become more engaged in quality improvement. By engaging in data collection, residents learn how input affects the output as well as some of the pitfalls and biases. Additionally, there are now national neurosurgical databases committed to quality improvement.
A century after the ideas and vision laid down by Codman, quality improvement is a dynamic component of today's neurosurgical training and practice. As physicians of the most elite field of medicine, we must give thanks to the tribulations that Codman must have endured in advancing care for patients. His work should continue to inspire the next generation of neurosurgeons to further advance quality improvement so that we may offer the best for our patients.
CONCLUSION
Ernest Codman was a pioneer who advocated for tracking patient outcomes and developing registries in order to better care for patients. His contributions will continue to have a resounding impact on evidence-based medicine. Quality improvement is now a central part of neurosurgical training and practice and as such, neurosurgeons should strive to continue to be leaders in this arena. His efforts and struggles continue to shine light on the path to improving patient care.
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